We examined changes in weight for 10 captive adult male cotton-top tamarins (
INTRODUCTION
Reproduction in the cooperatively breeding callitrichids is characterized by frequent twinning, a high infant-to-maternal weight ratio, and short interbirth intervals due to the female's ability to conceive during a postpartum ovulation. Infant care is intensive, involving constant carrying of infants through an arboreal habitat, sharing food with infants during weaning, vigilance, predator defense, and assistance with thermoregulation (Snowdon, 1996) . Reproduction is usually limited to one female in a social group, and in some species, the contribution of other group members appears to be vitally important for infant survival.
Numerous field and captive studies have documented relationships between infant survival and availability of caregivers. In wild moustached tamarins (Saguinus mystax), infant survival increased as the number of males in the group increased (Garber et al., 1984) , and in wild cotton-top tamarins (Saguinus oedipus), the number of infants surviving increased as the number of helpers in the group increased and approached 100% at a group size of 5 (Savage et al., 1996b) . In wild saddleback tamarins (Saguinus fuscicollis), groups smaller than 3 were never observed to reproduce (Goldizen, 1988 ). Koenig's analysis of data from published field studies on common marmosets (Callithrix jacchus) revealed that groups with >2 adult males had more surviving infants than those with only 1 or 2 males, and that there was no surviving infant in groups with <4 adults (Koenig, 1995) . In captive cottontop tamarins, Snowdon (1996) reported that infant survival increased with group size and approached 100% at a group size of 5. Johnson et al. (1991) found that infants born into groups with siblings present had higher rates of survival than those born into groups containing only the parents. Rothe and Darms (1993) , however, found no effect of the number of helpers for infant survival in their colony of captive common marmosets, Geoffroy's tuftedeared marmosets (Callithrix geoffroyi) and black-tufted-eared marmosets (Callithrix penicillata).
Infant care significantly alters the behavior of caregivers. Goldizen (1987) found that in wild saddleback tamarins infant carriers spent less time feeding. Price (1992) found that, while carrying infants, captive cotton-top tamarins fed less, moved about less, engaged in less social and affiliative behavior, performed less vigilance behavior, and spent more time concealed than when not carrying infants. Similarly, Sanchez et al. (1999) found that cotton-top tamarins carrying infants had reduced food intake.
In addition to reducing time available for other activities, infant care may be energetically expensive for caregivers. Using field data on travel patterns and the relative weight of infants compared to adults, Tardif (1997) estimated that an adult callitrichid carrying two 30-day-old infants would experience a minimum 21% increase in the caloric cost of traveling per minute compared to traveling without infants. However, few researchers have measured directly the energetic effects of care-giving on caregivers. Sanchez et al. (1999) found that following the birth, the infants' fathers weighed significantly less than on the day of the birth, and the effect in other male helpers was nearly significant, though female helpers did not appear to be affected. For both fathers and male helpers, the individual's contribution to the group's total carrying effort was positively correlated with weight lost. In contrast, Nievergelt and Martin (1999) found that in pairs of common marmosets, fathers neither changed their energy intake nor lost weight following the birth of infants.
We examined changes in weight from before the birth of infants through the first 16 weeks of infant life for 10 captive adult male cotton-top tamarins. We investigated whether the amount of weight lost was related to the time an individual spent carrying infants. Although infant carrying is the most frequently used measure of care-giving, individuals may also engage in other behaviors related to infant care, including food sharing, thermoregulation, maintaining proximity to infants, and vigilance. Thus, we looked more generally at whether weight lost by caregivers was associated with the number of other potential caregivers in a group among which duties might be shared.
METHODS

Subjects
The 10 adult male cotton-top tamarins lived in 8 captive family groups housed at the Psychology Department at the University of Wisconsin, Madison. Not including infants, family groups ranged in size from 2 (one breeding male and female; n = 3 groups) to 6 individuals (a breeding pair and 4 offspring).
All subjects were ≥24 mo old when the infants were born (mean age 49 mo, range 24-107 mo). Female and male cotton-top tamarins reach sexual maturity at by 18 mo (Ginther et al., in press; Ziegler et al., 1987) . Nonetheless, individuals of both sexes may continue to gain weight beyond 18 mo (Ginther et al., in press ). To reduce complications introduced by individuals that were still growing, we limited analyses to subjects that were ≥24 mo old when the infants were born. By this time scrotal growth has reached asymptote (Ginther et al., 2000) . Although individuals may continue to gain weight beyond 24 mo, such a pattern would be inconsistent with the weight loss expected if care-giving is an energetically costly activity. Furthermore, studies on caregiving indicate that older group members are more involved in infant care than younger group members are (Cleveland and Snowdon, 1984; Tardif et al., 1992) .
Although mothers provided significant amounts of care, we excluded them from the analyses because many became pregnant again soon after birth. Nonreproductive females were not intentionally excluded; however, none of the focal groups contained nonreproductive females that were ≥ 24 mo old. Six of the males were fathers and 4 were brothers of the infants. For 4 males (3 fathers and 1 brother) we obtained weights following the birth of 2 litters. Thus, the sample size for analyses is 14. For males that were sampled over 2 litters, group composition and the number of surviving infants differed between the 2 litters. In the case of 4 males only 1 infant of the litter survived, but for all others, litters consisted of 2 surviving infants.
Housing and Husbandry
Family groups lived in cages that were either 160 × 93 × 220 cm, 186 × 160 × 220 cm, or 210 × 173 × 220 cm with larger families in the larger cages. The cages contain a variety of ropes and branches, a nest box, and one or two 20 × 25 cm stainless steel food platforms mounted on the side of the cage 165 cm above the floor. Groups lived either in separate rooms or in rooms containing multiple cages with screens hung between the cages to provide visual isolation from other groups though auditory and olfactory communication were possible.
Tamarins received three feedings each day. The first occurred between 0800 and 0900 and consisted of a yogurt, applesauce, and vitamin mixture. The main feeding occurred between 1200 and 1300 and consisted of Zupreem marmoset diet, Purina New World Primate Chow, fresh fruits and vegetables and bread. The last feeding occurred between 1500 and 1700 and consisted of a high protein food such as peanuts, hard-boiled egg, mealworms, cooked hamburger, cottage cheese, or canned tuna. Enough food was provided to ensure that some food was available at all times, and water was available ad libitum (Snowdon et al., 1985) .
Behavioral Measures
We obtained data during a study designed to measure care-giving behavior directed toward infants. We observed infants from 1 to 2 days after birth until 16 weeks of age. By 16 weeks, infants were no longer carried or nursed, though they may still have received some food through transfers from other individuals. We observed each infant for 4-5 20-min sessions per week between 0900 and 1200 and between 1300 and 1700. Sessions began ≥30 min after the morning or main feeds and always occurred before the late afternoon feeding. Within each week, sessions were distributed evenly between morning and afternoon hours. An observer to whom the tamarins were habituated sat in front of the cage and recorded behavior on a Tandy TRS80 Model 1200 laptop computer using the behavioral scoring system KB+ (Cook, 1988) . Behavioral observations were conducted by 2 observers.
During each session, the identities of subjects that were carrying infants (as well as several other measures not relevant to these analyses) were recorded using 30 s scan samples. Interobserver reliability for the 2 observers was 97% for behaviors recorded during instantaneous scan samples (index of concordance, Martin and Bateson, 1996) . From these data it was possible to calculate the amount of time that individual males spent carrying infants.
Weighing
We weighed the tamarins via a Sartorius LC 16000 S platform balance equipped with an Animal Weighing program. The scale had a stainless steel platform 30 × 40 cm, which was large enough for an adult tamarin to sit on easily. The scale was mounted on the top shelf of a 110 cm high cart, and could be wheeled into the cage by the experimenter. Following habituation to the scale, most monkeys would readily approach and sit on the platform in return for a small food reward.
We collected caregiver weights during a study designed to determine infant growth. We weighed infants weekly, and the weights of caregivers were frequently obtained opportunistically. As caregiver weights were not the original focus of the study, weights for each male are not available each week. Thus, we examined the pattern of weight changes for four 4-week time periods following the birth (Weeks 1-4, 5-8, 9-12, and 13-16 postbirth). We calculated a mean for each time period based on the average of all weights collected during that period. For all males we have at least one weight during each postbirth period.
In addition, we calculated a prebirth weight using weights obtained during the 2 m preceding the birth. All males but one were weighed at least once before the birth. To replace the missing data point, we calculated the mean change between prebirth weight and weight during the first 4 weeks following the birth for the 13 cases for which complete data were available. We added the mean change for the rest of the sample to the subject's weight during the first 4-week period after the birth to provide an estimate of his prebirth weight. This male was one of the two for which we obtained two sets of data, and the estimate of his prebirth weight (699.8 g) is very close to his actual prebirth weight (693.5 g) for the other set of data.
RESULTS
A one-way repeated measures ANOVA revealed significant changes in weight over the 5 time periods, F(4, 52) = 5.00, p = 0.002. Weights in weeks 1-4, 5-8, and 9-12 are significantly lower than before birth, and weights in weeks 5-8 are significantly lower than during Weeks 13-16 (dependent samples t tests, p < 0.05, Fig. 1 ). The period in which males lost weight corresponded to the period during which infants were carried the most. Infants were carried an average of 99% of the time in Weeks 1-4, 58% during Weeks 5-8, and 16% during weeks 9-12. The time infants were carried declined to <5% during Weeks 13-16, and by Weeks 13-16 average male weight had increased and no longer differed significantly from average prebirth weight.
There was variability in the pattern of weight loss exhibited by individual males with some males reaching their lowest weighs during each of the 4 postbirth periods. To better depict the magnitude of weight loss experienced by individual males, we calculated the maximum weight loss for each male by comparing his prebirth weight to his lowest postbirth weight, regardless of when it occurred. The mean maximum weight loss is 37.5 ± 6.0 g or 5.7 ± 0.9% of body weight. Maximum weight loss ranged from 9.1 (1.3% of body weight) to 75.5 g (10.8% of body weight).
In an attempt to explain some of the variation in weight loss between individuals, we calculated correlations between the maximum body weight lost and the maximum percentage of time a male carried infants in either Weeks 1-8 or 9-16 (in 13 of 14 cases the maximum carrying occurred during the first 8 weeks, but one male carried more during Weeks 9-16). This correlation is not significant (r = 0.38, df = 12, p = 0.178). However, the percent of body weight that an individual male lost is negatively correlated with the number of potential caregivers in a group (the number of non-infant group members) (r = −0.71, df = 12, p = 0.004, Fig. 2 ). We found no difference in patterns of weight loss between reproductive males and subadult males or between those males with 1 versus 2 surviving infants. Open circles indicate breeding males; dots indicate subadult males.
Three males were first time fathers with no helper other than their mates. Their weight loss was particularly striking, with all 3 showing maximum declines of ≥10% (10.0, 10.2, and 10.8%) from their prebirth weights. In addition, although average male weight in weeks 13-16 did not differ significantly from their prebirth weight, the weights of males without helpers remained substantially below their prebirth weights during weeks 13-16.
DISCUSSION
Following infant births, captive adult male tamarins that participated in infant care weighed significantly less than before the births. Males in groups with fewer helpers lost more weight than those with more helpers, though the percent of weight lost is not correlated with the time individual males carryied infants. The loss of weight in male caregivers is particularly striking given that the tamarins were housed with continuously available food, minimal travel requirements, no predators, and little fluctuation in ambient temperature.
Males in smaller groups lost more weight than males in larger groups did, implying that with more group members to share infant care, the cost to individual caregivers may be reduced. The weight loss was most dramatic in first time fathers, which also had the fewest helpers. Increased stress might lead to elevated cortisol, which would mobilize energy and lead to greater weight loss. However, there is no difference in cortisol levels between first time and experienced fathers (Ziegler and Snowdon, 2000) .
The absence of a significant relationship between weight loss and the amount each male was observed to carry infants suggests that additional types of care-giving behavior might contribute to male weight loss. Price (1992) reported that caregivers fed less during infant carrying. Two other behaviors that might place energetic demands on caregivers include sharing food with infants and vigilance.
Vigilance in the form of scanning is a frequent behavior of callitrichids even in captivity (Caine, 1984; 1993) , and vigilant individuals may position themselves in a vantage somewhat separate from the rest of the group (Savage et al., 1996b) . Indeed, Savage et al. (1996b) included infant protection and predator detection along with carrying as major functions that helpers perform. Caine (1993) proposed that the need for vigilance was a driving force in the evolution of cooperative and flexible social systems in callitrichids. There are two ways in which vigilance requirements might be more demanding for carriers in smaller groups. First, although both Price (1992) for captive tamarins and Savage et al. (1996b) for wild tamarins report that individuals were less vigilant while carrying infants, Savage et al. (1996b) also found that individuals in small groups were more likely than those in large groups to be vigilant while carrying. Thus, in smaller groups, caregivers might be forced to engage in vigilance and carrying simultaneously, rather than adopting the more typical cryptic strategy proposed by Price (1992) . Second, caregivers in smaller groups might be more vigilant when they are not carrying at the expense of other activities such as foraging and feeding. Sanchez et al. (1999) similarly found that cotton-top tamarin fathers lost weight following the birth of infants. In that study weight loss in fathers and male helpers was associated with an indirect measure of carrying effort: the individual's contribution to the group's total carrying effort. Nievergelt and Martin (1999) however, found no effect of infant care in weight in common marmosets. A possible explanation for this discrepancy is that marmoset infants are less costly to rear than tamarin infants are. Compared to tamarins, marmosets exhibit somewhat less paternal involvement in infant care; paternal experience appears to be less important to infant survival; and infants are independent of carriers earlier (Tardif et al., 1984 (Tardif et al., , 1986 (Tardif et al., , 1993 . Marmosets provision infants for shorter spans than tamarins do, and in the wild, marmosets exhibit shorter daily path lengths than those of tamarins (Tardif et al., 1993) . In marmosets, the presence of additional caregivers may not increase infant survival (Rothe and Darms, 1993: captivity; but see Koenig, 1995: wild marmosets) .
To avoid complications introduced by caregiver growth, we excluded individuals <24 m old from the analysis. The lower level of care observed in younger group members has been attributed by Tardif et al. (1992) to lack of interest or to inexperience and their inability to compete successfully for access to infants by Achenbach and Snowdon (1998) and Price (1991) . Additionally, if care-giving has physiological effects that could interfere with growth, then caring for infants could be more costly for an immature individual than for a mature adult.
No nonreproductive females were available for inclusion in our study. Future studies should establish whether nonreproductive females show patterns of weight loss similar to those observed in males. In reproductive females, nursing patterns are associated with the time to the first postpartum ovulation (Ziegler et al., 1990) . Similarly infant care and the availability of helpers might affect patterns of weight change in reproductive females.
Individual variation in the severity and timing of caregivers' weight loss might be further investigated through more detailed analyses of carrying that consider factors such as whether carriers tends to transport one or two infants. Variation in other caregiver behavior such as food-sharing with infants, time devoted to vigilance, and the caregiver's own food intake might also contribute to differences in patterns of weight loss.
The finding that adult male cotton-top tamarins lost weight following the birth of infants and that the percent of weight loss is greater in groups containing fewer potential caregivers suggests that even in captivity, caregiving is an energetically costly behavior for tamarins. It is difficult, however, to determine whether the immediate costs of care-giving have long-term effects on reproductive fitness. Nevertheless, it seems plausible that in the wild, the energetic costs associated with care-giving would be more severe than in captivity and could reduce an individual's fitness by compromising his or her health, survival, or competitive ability.
Wild cotton-top tamarins do not have an immediate postpartum estrous but instead exhibit a 5-6-mo period with no ovulation (Savage et al., 1997) . Thus the birth spacing in wild cotton-top tamarins might allow for physiological recovery from caring for infants for both males and females, and annual reproductive rate is lower for wild cotton-top tamarins than captive ones.
All of the males in our study were closely related to the infants they cared for. However, field studies indicate that callitrichid groups often contain unrelated animals, and that females may mate with more than one male (Goldizen, 1988; Savage et al., 1996 a; Sussman and Garber, 1987) . Several studies indicate that caregivers will care for unrelated infants (Baker et al., 1993; Cleveland and Snowdon, 1984; Wamboldt et al., 1988) . Since caregivers incur significant costs through weight loss, reduced feeding, and vigilance, it is important to document the benefits that caregivers gain whether through direct fitness, inclusive fitness, group membership, acquisition of infant care skills, or future mating opportunities.
